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SPECIFICATION 

1. Title of the Invention 

METHOD FOR PLANARI Z ING SELECTIVE EPITAXIAL GROWTH LAYER 

2. Claims: 

(1). A method for planarizing a selective epitaxial growth 
layer characterized in that when an insulating film is formed 
on one main surface of a semiconductor substrate, an opening 
is partially disposed on the insulating film, and a 
semiconductor layer is epitaxially grown selectively on a 
surface of the semiconductor substrate exposed in the opening, 
in removing a semiconductor projection and a polycrystalline 
semiconductor layer generated in the surroundings of the 
selective epitaxial growth layer and an island made of 
polycrystalline semiconductor generated on the insulating 
film, after an insulating film is formed at least on a surface 
of the selective epitaxial growth layer, over an entire top 
surface on the main surface side, anisotropic etching is 
performed so that an etching speed is larger when an etching 
medium enters obliquely a surface to be etched than when it 
enters vertically the surface to be etched. 

(2) . A method for planarizing a selective epitaxial growth 
layer as set forth in claim 1, wherein RF sputter etching is 
used to etch. 

(3) . A method for planarizing a selective epitaxial growth 
layer as set forth in claim 1, wherein the etching is performed 
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by use of ion beam etching. 

3. Detailed Description of the Invention 

[Technical Field to which the Invention Belongs] 

The present invention relates to a method for planarizing 

a surface of a semiconductor growth layer obtained by 

selective epitaxial growth that is used when a semiconductor 

integrated circuit device is fabricated. 
[Prior Art] 

Many new element isolation methods have been 
continuously disclosed and put into practical use with the 
intention of realizing higher density integration in a 
semiconductor integrated circuit device. In spite of large 
expectation on selective epitaxial growth method among these, 
its practical use is greatly behind the expectation. One of 
reasons for this is in that, during the selective epitaxial 
growth, irregular projection growth or poly crystal growth 
is caused in the surroundings of an insulating film opening 
and clusters (islands) are formed on the insulating film. Fig. 
1A and Fig. IB are sectional views for explaining a prior art 
for overcoming the problem. After an insulating film (2) has 
been formed on one main surface of a silicon (Si) substrate 
(1) and a predetermined opening has been bored therein, by 
performing the selective epitaxial growth process of Si, a 
Si epitaxial growth layer (3) is formed. At this time, in 
the surroundings of the opening, irregular projections (4) 
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are generated, and portions thereof on the insulating film 
(2) are not single crystal but poly crystal. In addition, 
Si clusters (5) are formed from place to place on the 
insulating film (2) . Then, when RF sputter etching is applied 
with argon (Ar) ions or the like as shown by arrow marks I in 
Fig. 1A, the etching speed thereof depends on an angle of 
incidence of ion in such way that ones incident obliquely are 
higher in the etching speed than ones incident vertically. 
As a result, as shown in Fig. IB, an ideal selective epitaxial 
layer (3a) can be obtained. 

However, it is found that semiconductor devices 
fabricated by use of the sputter etching show large dispersion 
in breakdown voltages thereof. The reason for this is in that 
when irregularities are generated on the surface during the 
formation of the epitaxial growth layer (3), convexities can 
be flattened owing to the sputter etching, but since 
concavities are etched furthermore, the depths thereof are 
increased. This is due to incidence angle dependency of ions 
when the sputter etching is performed. Fig. 2A and Fig. 2B 
are sectional views showing these situations. When there is 
a small concavity (6) on a surface of the selective epitaxial 
growth layer of Si as shown in Fig. 2A, when the sputter 
etching is performed, this grows into a large and deep V- 
shaped concavity (6a) as shown in Fig. 2B. 

Fig. 3 is a sectional view showing a structure of a 



3 



bi-polar transistor fabricated according to such the existing 
planarizing method. In the figure, reference numeral (7) 
denotes a buried collector layer, reference numeral (8) a base 
layer, reference numeral (9) an emitter layer, reference 
numeral (10) an insulating film, and reference numeral (3a) 
a collector layer. When there is a concavity in the collector 
layer (3a) as explained in Fig. 2, since a separation between 
the base layer (8) and the buried layer (7) becomes narrower 
at the concavity, a depletion layer does not extend there and 
avalanche breakdown starts there. As a result, a breakdown 
voltage becomes lower. Although a depth of the concavity is 
substantially 0.3 (.im, it is not even. Accordingly, the 
concavity is not desirable in view of planarizing a device. 
[Outline of the Invention] 

The present invention has been accomplished in view of 
the aforementioned situations. The present invention intends 
to provide a method for planarizing an epitaxial growth layer 
in which after the selective epitaxial growth process has been 
completed and an insulating film has been formed on a surface 
of the epitaxial growth layer, anisotropic etching such as 
the aforementioned sputter etching is applied, thereby 
without allowing irregularities to grow even when there are 
small irregularities on a flat portion of the selective 
epitaxial growth layer, the epitaxial growth layer can be 
planarized . 
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[Embodiments ] 

Fig. 4A through Fig. 4C are sectional views showing 
states in main process stages according to one embodiment of 
the present invention. First, as shown in Fig. 4A, similarly 
to the existing method, an oxide film (2) is deposited on a 
Si substrate (1), and further thereon a nitride film (11) is 
deposited so as to improve crystallinity . An opening is 
formed in the nitride (11) and the oxide films (2) by means 
of the anisotropic etching, and thereby in the opening a 
surface of the Si substrate (1) is exposed. Subsequently, 
by making use of the decomposition of dichloros ilane (SiH 2 Cl 2 ) , 
the selective epitaxial growth of Si is performed. At that 
time, there are formed semiconductor projections (4) in the 
surroundings of the opening, and portions above the nitride 
film (11) of the projections (4) become polycrystalline . In 
addition, a cluster (island) (5) of polycrystalline Si grows 
on the nitride film (11). Next, as shown in Fig. 4B, in an 
oxidizing atmosphere, surfaces of the selective epitaxial 
growth layer (3) and the Si cluster (5) are oxidized, and 
thereby an oxide film (12) is formed. At that time, the Si 
surface recedes by substantially 45% of a thickness of the 
oxide film ( 12 ) . The thickness of the oxide film ( 12 ) at this 
time has to withstand the later RF sputter etching. Next, 
as shown by arrow marks I, when the RF sputter etching with 
Ar ions is performed at an electric power of, for instance, 
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1 W/cm 2 for 3 hr, even when there are small concavities (0.1 
jLim or less in depth) (6) on the surface of the selective 
epitaxial growth layer (3), as shown in Fig. 4C, without 
further being dug out, a shape formed during the selective 
epitaxial growth can be maintained. That is, as shown in the 
same figure, since all of unnecessary projections (4) and 
clusters ( 5 ) can be removed, there can be remained only a clean 
single crystalline epitaxial growth layer (3). As a result, 
a desired planar izat ion is accomplished. The oxide film (12) 
utilized at this time may be removed in the later stage and 
a new film may be formed, or it may be used as a protective 
film as it is. 

In the above embodiment, although the oxide film (12) in 
Fig. 4B is formed due to thermal oxidation, it may be other 
oxide film or other insulating film than the thermally 
oxidized film. In addition, the nitride film (11) in Fig. 
4A is not necessarily required. Furthermore, in place of the 
RF sputter etching, when the anisotropic etching where the 
etching speed is larger when the etchant enters obliquely a 
surface to be etched than when it enters perpendicularly the 
surface to be etched is used, an ion beam etching method and 
other arbitrary etching method can be used. 
[Advantage of the Invention] 

As explained above, in the present invention, since after 
an insulating film is formed on a surface of a selective 
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epitaxial growth layer, anisotropic etching in which an 
etching speed is dependent on an angle of incidence of an 
etchant, such as RF sputter etching, is applied, without 
allowing small concavities generated on a flat portion of the 
epitaxial growth layer to grow, the epitaxial growth layer 
can be planarized. 

4. Brief Description of the Drawings 

Fig. 1A and Fig. IB are sectional views for explaining 
a method for planarizing a selective epitaxial growth layer 
according to a prior art, Fig. 2A and Fig. 2B are sectional 
views for explaining problems of the method according to the 
prior art, Fig. 3 is a sectional view showing a structure of 
a bipolar transistor formed according to a planarizing method 
according to the prior art, and Figs. 4A through 4C are 
sectional views showing states in main process stages 
according to one embodiment of the present invention. 

In the figures, reference numeral (1) denoted Si 
(semiconductor substrate), reference numeral (2) denotes an 
oxide film (insulating film), reference numeral (3) denotes 
a selective epitaxial growth layer, reference numeral (4) 
denotes a projection, reference numeral (5) denotes a cluster, 
reference numeral (11) denotes a nitride film (insulating 
film), and reference numeral (12) denotes an oxide film 
(insulating film) . 

In the figures, the same reference numerals denote the 
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same or corresponding portions. 
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[Fig. 1] 



[Fig. 2] 
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